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Abstract
Background: The effectiveness of mobile technology to improve medication adherence via customized Short
Messaging Service (SMS) reminders for stroke has not been tested in resource poor areas. We designed a
randomized controlled trial to test the effectiveness of SMS on improving medication adherence in stroke
survivors in Pakistan.
Methods: This was a parallel group, assessor-blinded, randomized, controlled, superiority trial. Participants were
centrally randomized in fixed block sizes. Adult participants on multiple medications with access to a cell phone and
stroke at least 4 weeks from onset (Onset as defined by last seen normal) were eligible. The intervention group, in
addition to usual care, received reminder SMS for 2 months that contained a) Personalized, prescription tailored daily
medication reminder(s) b) Twice weekly health information SMS. The Health Belief Model and Social Cognitive theory
were used to design the language and content of messages. Frontline SMS software was used for SMS delivery.
Medication adherence was self-reported and measured on the validated Urdu version of Morisky Medication
Adherence Questionnaire. Multiple linear regression was used to model the outcome against intervention and
other covariates. Analysis was conducted by intention-to-treat principle.
Results: Two hundred participants were enrolled. 38 participants were lost to follow-up. After 2 months, the
mean medication score was 7.4 (95 % CI: 7.2–7.6) in the intervention group while 6.7 (95 % CI: 6.4–7.02) in the
control group. The adjusted mean difference (Δ) was 0.54 (95 % CI: 0.22–0.85). The mean diastolic blood pressure in
the intervention group was 2.6 mmHg (95 % CI; −5.5 to 0.15) lower compared to the usual care group.
Conclusion: A short intervention of customized SMS can improve medication adherence and effect stroke risk factors
like diastolic blood pressure in stroke survivors with complex medication regimens living in resource poor areas.
Trial registration: Clinicaltrials.gov NCT01986023 last accessed at https://clinicaltrials.gov/ct2/show/NCT01986023
Keywords: Stroke, Medication adherence, SMS, Prevention, Non communicable disease, mHealth, IT technology, Lower
and middle income countries, Cost effectiveness
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Background
Stroke is the second major cause of death and third lar-
gest contributor to disability globally [1, 2]. Two thirds
of this burden is borne by low and middle income coun-
tries where they are more likely to be fatal or disabling
[3]. International comparison of stroke cost studies show
that on average, stroke care accounted for 3 % of total
health care expenditures [4]. In Pakistan, community
surveys suggest a lifetime stroke symptom prevalence of
approximately 19 % [5], with an estimated annual stroke
incidence of 250 per 100,000 population [6, 7].
Optimal adherence to medications may reduce the risk
of poor outcomes by 26 % [8]. However, a recent 50 year
(1948–1998) meta-analysis reported global adherence
rates around 75 % [9]. Local studies report adherence
rates to cardiac medicines ranging between 27–77 %
[10] and a 68 % compliance in stroke patients in the first
2 years after the event [11].
Interventions designed to overcome non-adherence
include drug diaries, pill counters, automated reminders,
patient counseling and improving social support [12–15].
Each of these interventions, involves substantial cost, time
and effort with a variable response dependent on health
and prescription literacy and self-motivation [16]. These
are not feasible in settings like Pakistan due to poor health
literacy and awareness and severe resource limitations
[17, 18]. Short text message (SMS) is an inexpensive,
ubiquitous and culturally acceptable tool with poten-
tial for behavioral change. Mobile phone users in
Pakistan were recorded at greater than 137 million by
the Pakistan Telecommunication Authority and total
cellular density is reportedly 77 % [19]. We hypothe-
sized that our short intense SMS intervention would
be able to demonstrate its potential if we used the
Health Belief Model with Behavioural Change Theory
to design it and reach large numbers frequently due
to economic feasibility [20–22].
We sought to determine the effectiveness of custom-
ized SMS reminders plus Health information SMS in
addition to usual care in adult stroke patients compared
to usual care only in improving medication adherence at
a hospital stroke service in Pakistan. In addition we ex-
plored the biologic effects if any, on blood pressure for
those who received SMS and the scalability characteris-
tics of the innovation based on Rogers Diffusion of
Innovation Theory derived questionnaire that measures
intervention qualities such as Simplicity, Compatibility,
Observability and Relative advantage [23].
Methods
SMS for Stroke is a parallel-group, assessor-blinded, ran-
domized controlled single center superiority trial con-
ducted to assess the intervention of SMS reminders on
adherence [24]. The participants are randomized into
two parallel groups in a 1:1 ratio via block technique
with one group receiving the standard of care as per in-
stitutional guidelines while the parallel group receiving
SMS reminders for each dose of medicine in addition to
the standard of care. Following is a brief outline of the
methodology used in the study. For further details and
access to questionnaires and tools, please refer to our
paper on trial methods [23].
Study setting
The SMS for Stroke Study was conducted at the Clinical
Trials Unit (CTU); Aga Khan University which is a JCIA
(Joint Commission International Accreditation) accre-
dited hospital in Karachi, Pakistan. Stroke service is de-
livered at the center through a 24 h neurovascular team
on floor and ambulatory care clinics.
Participants
Participants were recruited from the Neurology and
Stroke Clinics at this tertiary care center. The average
daily volume of the center is 100+ Visits and annual vol-
umes are greater than 1500+ patients to the single stroke
clinic alone.
Eligibility criteria
Inclusion criteria
 Age greater than 18 years old
 History of stroke(s) confirmed by neuroimaging at
the time of the episode
 >1 month since last episode of stroke
 Use of at least two drugs such as (but not limited to)
anti platelets, statins, anti-hypertensives to control
risk factors of stroke.
 Modified Rankin Score of 3 or less (so that they are
able to operate mobile phones)
 Possession of a personal cell phone that the patient
has access to at all times. In the case of patients who
do not own or are unable to use mobile phones,
they must have a caregiver available at all times who
possesses a cell phone.
 Ability to receive, comprehend and reply to an SMS
in English, Nastaleeq Urdu (local Urdu script) or
Roman Urdu. In the case of patients who themselves
are unable to receive, comprehend or reply to an
SMS, they must have caregivers available at all times
who could perform the above mentioned tasks.
Exclusion criteria
 Biological impairment in reading or responding to
SMS in the caregiver such as (but not limited to)
loss of vision, visual field cuts, aphasia in case the
patient himself/herself is supposed to receive SMS
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 Diagnosed organ dysfunction or malignancy such as
hepatic, renal or malignancy
 Plans to travel outside the country inside the two
months following enrollment
Assignment of interventions
Centrally Randomised computer generated sequence
was used by the CTU and allocation concealed in
opaque white envelopes. Participants were assigned to
groups in a parallel fashion in a 1:1 ratio. Block
randomization technique was used with block size of 10
(not disclosed to field and research team that was dir-
ectly interacting with participants). This is to ensure
similarity between the two groups at all times permitting
interim analysis during the study.
Study procedures
Participants were invited after assessment of eligibility
and those who consented were interviewed in the CTU
regarding demographic information, medical and pre-
scription details. The baseline Morisky adherence score
for each patient was also recorded at this time followed
by the randomisation to either the treatment group A or
intervention group B. After allocation, the research
supervisor explained the details of the intervention to
the participants in group A and demonstrated by send-
ing one test SMS on his/her cell phone in the preferred
language for SMS. Since the participants were required
to respond via SMS, all participants were compensated
for the cost of sending the response by providing them
with prepaid credit in advance. In case of allocation to
usual care group, the participants were informed about
their date of follow up after 2 months. The staff who
randomized and those who assessed and those who de-
livered the intervention were separate.
Control group
In the control group, patients receive the usual standard
of care provided at the center for stroke patients. This
primarily consists of regular follow up visits (as advised
by their neurologist) with their stroke neurologist. In
general, these are at 1, 3, 5,9,12 months after a stroke.
Each patient is provided with a telephone number that
can be used to reach the stroke team in case of an emer-
gency and each patient is also reminded of their clinic
appointments 1–2 days prior via SMS and/or phone.
Intervention group
In addition to the usual care, intervention group re-
ceived automated SMS reminders customized to their
individual prescription. The participants were required
to respond to the SMS stating if they have taken their
medicines. Moreover twice weekly health information
SMS were also sent to the intervention group. Health
information SMS were customized according to med-
ical and drug profile of every patient by the research
team. The messages were designed in a weekly sched-
ule at preset days of the week for total 8 weeks e.g.,
Wednesday and Saturday week 1 for patient X. The
timings were decided according to the prescription so
that health messages do not collide with the reminder
messages for that day. Usually 5 pm was found feas-
ible for most participants. These messages did not ask
for a reply. These health information SMS were codi-
fied by Michie’s Taxonomy of Behavioural Change for
repeatability [25] (Fig. 1).
Follow up and outcome ascertainment
The subjects were required to follow up after 2 months
in the CTU. In order to improve the follow up rate par-
ticipants in both groups were sent SMS and reminded
about their due follow up 1–2 days earlier. If the partici-
pant was not able to report exactly after 2 months, a
period of ± 7 days was allowed for adjusting the follow
up. Those participants who did not appear for follow up
were contacted on phone up to 3 times and also
approached by other means like sending transport to aid
them or contacting them when they come for other
clinic visit, lab work, physiotherapy etc. All participants
were compensated for their travelling cost. Outcome as-
sessment was performed by trained study physicians
who were masked to the group that the participant was
assigned. In addition, separate assessors evaluated par-
ticipant response to SMS intervention. Enrollment began
on 5th December 2013 and the last patient was recruited
on 30th April 2014. The last followup was conducted on
28th June 2014.
Outcomes
Primary outcome measure
The primary outcome of interest was a change in medi-
cation adherence after 2 months of receiving the SMS.
Medication adherence was measured at recruitment
and after 2 months in both groups on the Morisky
Medication Adherence Scale (MMAS). The scale has
been used in a similar setting previously and it has
been translated and validated in Urdu [26]. The in-
strument consists of 8 questions and the response to
first 7 questions is scored as either 0 or 1. The eighth
question has a weighted response from 0.25 to 1. The
tool has a sensitivity of 46 % and specificity of 60 %
for the Urdu version which is the lingua franca of the
population, and this version has been validated [26].
Secondary outcome measures
Effect on biologic variables: blood pressure We ex-
plored the effect, if any, on blood pressure, even if
though the intervention was short term. Blood pressure
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was measured via Mindray Datascope Equator in the
CTU at registration visit and after interview to assess for
variability due to stress with the participant sitting and
relaxed.
SMS intervention assessment We also measured pa-
tient satisfaction and acceptability of using an innovation
such as the SMS to improve clinical outcome. This was
done through tools which identified the beneficial and
untoward attributes of using this technology. One of the
tools was a self-reported questionnaire originally de-
signed keeping in mind Roger’s factors from his theory
of Diffusion of Innovations and measured patient satis-
faction as a percentage [27, 28]. Another questionnaire
was designed based on previous literature which mea-
sured patient satisfaction and was also reported as pro-
portions [29].
Ethics and human subjects protection
All patients taking part in the trial were required to pro-
vide written informed consent at the time of recruit-
ment. Consent forms were available in English and
Urdu. Special care was taken to send the health promo-
tional texts twice weekly at times that do not cause dis-
comfort to the patient such as late at night. Our
messages did not contain identifying information and
the program sending the messages was secure at a single
site with limited access. All staff received requisite GCP
training and credentials. The participants were compen-
sated for their travel and phone expenses. A hotline was
created for patient queries and concerns. The study
was approved by the Ethical Research Committee,
Aga Khan University, Pakistan with approval number
2763-Med-ERC-13.
Plan of analysis and sample size
Based on literature, we estimated the mean MMAS score
to be 6 [30] in the control group and 7 in the intervention
group, giving a mean difference of 1 (SD = 2). Using these
values, a sample of at least 172 subjects was required
to achieve a power of 90 % and significance level of
5 % when testing a two tailed hypothesis of inequality
of means. This translated into 16 % effect size. Keep-
ing a 15 % attrition rate the sample size was inflated
so at least 100 subjects were needed in each group.
Any improvement in the MMAS would translate into
clinical improvement in the long run through effective
secondary prevention.
Pilot Testing was done on 10 % of the sample size i.e.,
20 participants and the intervention was also tested for
smooth application and any systematic errors. This
sample was excluded from the final analysis. These 20
participants were in addition to the 200 participants that
were included in the final study.
Data was entered on Microsoft Access database
through double entry. Analysis was performed using the
intention to treat principle at two stages: interim analysis
after 25 % of the sample had been reached (Additional
file 1) and final analysis after data had been collected
from all study participants. Descriptive statistics were
Fig. 1 Information flow diagram
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reported as Mean (SD) or Median (IQR) for continuous
variables like age, years of schooling, years since diagno-
sis, MMAS score etc. Proportions were reported for cat-
egorical variables like gender, marital status, area of
residence, employment status, proportion of patients
with depression etc. Multiple linear regression was per-
formed to estimate the adjusted mean difference in
MMAS between the two groups. Robust regression
was applied to the final model. Sensitivity analysis
were done by duration of intervention, SMS receiver
(patient/caregiver) and primary stroke physician (refer
to Additional file 1). The acceptability and patient
satisfaction of the intervention were reported as pro-
portions. Stata version 12 was used for analysis.
An interim analysis was performed to ensure that the
IT based technology was not causing any unexpected
outcomes that were not foreseen, in addition to ensure
that the program was being delivered with fidelity.
Results
Three hundred twenty six patients were approached for
enrollment where 126 were excluded due to ineligibility
or lack of consent (Fig. 2). One hundred participants
were randomised to each group. After 2 months, 21
were lost to followup in control group while 19 in inter-
vention group.
Baseline characteristics (Table 1)
A total of 200 participants were analyzed in the study
(100 in each group). Of these, 135 (67.5 %) were male
while 65 (32.5 %) were female. There were fewer males
(64) in the control group as compared to the interven-
tion group (71). The mean age in the intervention group
was lower (56 years. S.D 1.5 years) compared to
(57.6 years, S.D 1.3 years) in the usual care group. These
differences were not statistically significant.
Mean medication adherence
The baseline median Morisky medication adherence
score was similar in the two groups (6.6). After 2 months
of follow-up, the MMAS increased in both groups.
While the increase was minor in the control group
(+0.1), there was a much larger increase in the inter-
vention group (+0.8). This difference was found to be
statistically significant (Table 2). On univariate ana-
lysis the mean medication adherence score was 0.65
(0.0–1.0) points higher in the intervention group
compared to the usual care group (Table 3). It was
Fig. 2 Study flow chart. mRS-modified Rankin Scale. Out of Station = Not in the city and unable to report for follow up during the period that
outcome assessment was supposed to be performed. Discontinued Intervention =Withdrew from the study and were not sent SMS, they did not
want to have SMS sent to them
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observed that high number of pills prescribed daily,
high monthly cost of drugs, higher level of social sup-
port, missing physician appointments in the previous
year, ischemic stroke and presence of depression were
all inversely related with the level of medication ad-
herence. Since cost of drugs was skewed it was log
transformed to obtain linearity with the outcome. The
baseline Morisky adherence score, being unemployed
or retired, being educated and higher dosing fre-
quency were positively related to the level of medication
adherence. Multivariable analysis showed that mean
difference in adherence score between the intervention
group and the usual care group was 0.54 (95 % CI; 0.22–
0.85) (p = <0.01) adjusted for all other variables. (Table 2)
The model explains 30 % of variability in the outcome
(r2 = 0.3).
Secondary outcomes
Biologic effects – blood pressure
We limited our exploratory outcomes to the change in
systolic and diastolic blood pressure of participants. This
was due to the fact that major biologic changes were not
Table 1 Baseline characteristics of the study participants
Intervention group Usual care group
n = 100
n = 100
n (%) n (%)
1 Age (years)a 56.07 (1.5) 57.62 (1.3)
2 Male 64 (64) 71 (71)
3 Educated 90 (90) 88 (88)
4 Years of formal educationa 12.7 (0.4) 12.36 (0.4)
5 Urban residence 86 (86) 88 (88)
6 Number of pills prescribed dailyb 7 (4.5–9.5) 8 (6–10)
7 Distance from stroke physicianb (km) 9.9 (7.2–16.7) 11.6 (7.8–18.6)
8 Monthly cost of drugsb (PKR) 12,000 (7500–18,000) 12,000 (7500–19,750)
9 Side effects 13 (13) 12 (12)
10 Use of alternate medicines 12 (12) 12 (12)
11 Missed physician appointments in last year 13 (13) 14 (14)
12 Dosing frequency once daily 5 (5) 4 (4)
Twice daily 60 (60) 66 (66)
Thrice daily 35 (35) 30 (30)
13 Use of pill boxes 15 (15) 16 (16)
14 Use of alarms as medication reminders 3 (3) 2 (2)
15 Baseline Morisky adherence scoreb 7 (5.7–8) 7 (5.7–8)
16 Blessed dementia scoreb 4.5 (2–7.2) 4 (2.5–7)
17 Social support scaleb 12 (7–18) 12 (6–18)
18 Ischemic stroke 83 (83) 84 (84)
19 Time since strokeb 2 (1–5) 2 (1–4)
There were no statistically significant baseline differences in the study participants
aMean (SD)
bMedian (IQR)
Table 2 Mean Morisky medication adherence score at baseline and 2-month follow-up in Intervention vs. usual care group
(multivariable analysis)
Intervention groupa Usual care groupa Adjusted differenceb (95 % CI)
Baseline 2 months Baseline 2 months
Morisky medication adherence score 6.6 (0.17) 7.4 (0.93) 6.6 (0.16) 6.7 (1.32) 0.54 (0.22–0.85)*
*p < 0.01
aMean (SD)
badjusted for baseline adherence score, number of pills prescribed daily, dosing frequency, age, gender, employment status, education, use of alarms, missing
physician appointments in the previous year and block design
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reasonably expected with such limited exposure to inter-
vention. Although no major effect was observed on sys-
tolic blood pressure after the intervention (change of
1 mm of Hg p = 0.678), the diastolic blood pressure did
show a significant change over a 2 month period. The
mean diastolic blood pressure in the intervention group
was 2.6 mmHg (95 % CI; −5.5 to 0.15: p = 0.06) lower
compared to the control group after the intervention
(Table 4).
Acceptability of intervention
1. Patient satisfaction with intervention
The overall mean score for this tool was 12.5 out of 13
which is equivalent to a mean percentage of 96.07 %
(Table 5).
2. Diffusion characteristics of mHealth (mobile health)
intervention
The overall mean score for this outcome was 7.6 out of
8 which translates into an overall mean percentage
score of 95.6 % (Table 6). The four attributes of Roger’s
Diffusion theory were scored separately. The score for
Simplicity was 1.91/2, Compatibility was 1.91/2, Observ-
ability was 1.9/2 and Relative advantage was 1.95/2.
Discussion
This study is an early report of an SMS based inter-
vention for improving medication adherence in stroke
survivors based in a low resource setting. The results
show a significant increase in medication adherence
behavior which is encouraging and highlights the
possibility of improving secondary stroke prevention
through a simple intervention. Additionally, a small
but significant difference in diastolic blood pressure
was observed in those who received SMS, who were
presumably more compliant in the intervention group.
Users of the SMS for stroke service reported a high
satisfaction and acceptability and the intervention it-
self showed good characteristics as an innovation that
may disseminate favorably.
We observed that the dosing frequency had a posi-
tively linear relationship with mean medication adher-
ence in the presence of intervention. This shows that the
intervention was effective in achieving high adherence
for participants with most difficult dosing regimens like
thrice daily frequency. This was possible because the
intervention was tailored to individual patient prescrip-
tion and reminders were sent according to dosing sched-
ule. On the other hand it was seen that mean adherence
was inversely related to total pill count prescribed per
day. This contrasts with previous findings from a study
in Pakistani hypertensive population [10], where increas-
ing number of pills increased the adherence scores.
Higher pill count may lead to patient fatigue and poorer
adherence. Patients with stroke are have relative cogni-
tive impairment leading to poorer adherence to a com-
plex prescriptions, however in spite of this setting the
Table 3 Factors associated with adherence to medications (univariate analysis)
β coefficient 95 % CI p value
1 Intervention 0.65 0.3–1.0 0.00
2 Number of pills prescribed daily −0.0475 −0.09 to–0.03 0.04
3 Social support scale −0.01266 −0.03 to–0.01 0.21
4 Baseline Morisky adherence scale 0.2644 0.15 to 0.38 0.00
5 Educated 0.363 −0.25 to 0.97 0.24
6 Missed appointments in last year −0.518 −1.05 to 0.013 0.05
7 Dosing frequency of medicines once daily Ref
Twice daily 0.868 −0.03 to 1.76 0.06
Thrice daily 0.466 −0.46 to 1.39 0.32
8 Use of alarms 0.955 −0.40 to 2.31 0.16
9 Ischemic stroke −0.329 −0.821 to 0.161 0.19
Table 4 Effect on mean diastolic blood pressure
Mean DBP Mean DBP Mean
difference
95 %(CI)*
Pre-intervention Post-intervention
mmHg mmHg
Intervention
group
80 77.9 −2.6 −5.5 to 0.15
Usual care
group
80.6 80.5 −0.1
DBP diastolic blood pressure
*p = 0.06
Table 5 Patient satisfaction with intervention
Mean (SD)/total Mean %
Patient satisfaction with intervention 12.5 (1.5)/13 96.07 %
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intervention was effective and users became more
compliant.
mHealth (mobile Health) is a rapidly developing field
whose potential of leverage to improve medically im-
portant outcomes is great but is limited by a lack of
well-designed randomized controlled trials that measure
robust outcomes [31, 32]. Most SMS studies are focused
on communicable diseases with a recent shift towards
non-communicable diseases. SMS based interventions
have shown modest effect [33–41]. We feel that in
addition to robust RCT design the actual SMS wordings
of our intervention were designed on theories of behav-
ior change and may explain some effect as compared to
simple knowledge transfer messages [42]. Most IT inter-
ventions are not informed by theory or frameworks that
would explain the mechanisms of why a message would
work or not, and be replicable by other teams. We
used the Health Belief Model, as opposed to simple
knowledge transfer, which predicts influences on hu-
man behavior have 6 key determinants: Perceived sus-
ceptibility, Perceived seriousness, Perceived benefits of
taking action, Barriers to taking action, Cues to Action
and Self-efficacy [43, 44]. Thus participants were en-
abled to change their behavior via messages that
touched on these themes.
Adherence has two components namely: i) Intentional
non-adherence and ii) non-intentional non-adherence. It
is important to distinguish the contribution of both the
types in order to devise successful interventions [45].
We targeted both aspects by providing knowledge and
belief change messages and the other by cueing, nudging
and reminder behavior to take medications.
The major strength of this study is its RCT design,
with allocation concealment, blinded outcome ascer-
tainment, and use of validated tools and effort to re-
duce attrition. We used an open access software for
designing the intervention. Our intervention is clear,
designed and taxonomy coded and replicable. Further-
more, sensitivity analyses also reinforce the independ-
ent effect of intervention.
The main limitation of this trial is the use of self-
reported outcome measure the validated Morisky
Medication Adherence Scale (MMAS), which was chosen
due to the complex stroke medication regimen and popu-
lation characteristics. There have been comparative stud-
ies where self-reported adherence measures, like
questionnaires, are found to be acceptable compared to
more objective methods of measuring drug adherence like
electronic pill boxes, biomarkers [46–48]. We considered
the use of electronic pill boxes and biomarkers for out-
come assessment. However, stroke patients have diverse
prescriptions which vary in the type of drug classes, num-
ber and frequency of dosage, no single biomarker would
be applicable to all the study participants. Similarly, elec-
tronic pill boxes record the number of times a box is
opened. Since stroke patients are on multiple drugs at any
dosing time, it would be erroneous to believe that they
have consumed all the pills for that dose when they open
the box. It was logistically difficult to request disabled par-
ticipants to physically visit for repeated pill counts. So we
relied on self-reported scale as a measure of adherence.
Additionally, to counter check our measure, we docu-
mented day to day adherence with return SMS from the
participant. There are no ideal measures for reporting ad-
herence, the MMAS itself is a reliable measure of self-
reported adherence as it corresponds well to pharmacy
refill rates [49, 50]. We are exploring phone based adher-
ence measures to improve our adherence measurement
outcomes in future studies, such as unannounced pill
counts and capsule photographs [51, 52]. Another limita-
tion is that the duration of this study did not allow
measurement of definite biologic outcomes like stroke
recurrence after the intervention. It may be argued
that the patient population for this study had minimal
disability (MRS < 3), but it is this high risk group
which should be saved from recurrent disability by
stroke recurrence. Moreover, our eligibility data show
that 77 % of the stroke patients coming to our clinic
were eligible for this intervention and only 11 % were
excluded due to disability (Fig. 2). An inherent limita-
tion of the study is the performance bias of an educa-
tional intervention; participants were not blinded to
the reception of SMS and were well instructed and
probably motivated to medication adherence than the
control group. This motivation may be partially re-
sponsible for some of the adherence behavior. Al-
though our population may have poor literacy and
health literacy skills overall, we used a short text mes-
sage service to improve adherence due to the fact that
Roman Urdu (easily legible) and Bolo SMS (Verbal
SMS) options were used in the study to send messages
to participants and this is what helped with acceptabil-
ity and reach. Pakistanis have exchanged 301.7 billion
SMS with 317 million users during 2014, covering
92 % of the land area. In this study, there was an ex-
pected limitation for those who would not possess a
cell phone, based on the eligibility criteria and review,
Table 6 Acceptability of mHealth intervention
Mean (SD)/total Mean %
Acceptability of mHealth intervention 7.6 (1.1)/8 95.6 %
Components
Simplicity 1.91 (0.35)/2 95.5 %
Compatibility 1.91 (0.35)/2 95.5 %
Observability 1.90 (0.40)/2 95 %
Relative advantage 1.95 (0.21)/2 97.5 %
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6 of the 326 potential participants (1.8 %) were ex-
cluded on this basis and we found that at least based
on mobile infrastructure related basis, we were able to
reach out to 98 % of the population at our center.
Despite our efforts to keep the loss of follow up min-
imal, we did experience a 20 % loss to follow up due
to hesitation and limitation of disabled persons to
travel for follow up. In future interventions, we are
planning Skype™ assisted teleconference follow ups to
measure functional status and other outcomes of inter-
est in disabled persons.
Some operational difficulties with the intervention
were faced when the SMS service was blocked in the
country for security reasons. There were 3 separate
occasions when this happened, each lasting 24 h. We an-
ticipated such events and informed our participants
about the possibility of not being able to send reminder
messages that day and that they should manage their
medications themselves to avoid anxiety. After set up it
was very easy to operate the system.
The effect on diastolic blood pressure needs to be
strengthened by improving study power and duration of
exposure. We believe this tool has the potential to bring
such changes if used over a significant duration.
The potential impact of using SMS to cue chronic dis-
ease desirable behavior is immense. SMS is incredibly
popular and acceptable, with Pakistani mobile phone
users exchanging a staggering 315.7 billion text messages
during July 2012 to June 2013 or 865 million SMS mes-
sages a day and prefer this mode of communication [39].
There are 135 million registered phone users in Pakistan
whose data are biometrically verified, in addition there is
a national electronic database where all users are linked
and registered and potentially able to receive SMS [19].
The cost of SMS is cheap including bundles for business
and social marketing, and the software used to deploy
mass messages is open access and freely available. Stroke
happens a decade earlier in LMIC countries like Pakistan
and the population at risk is using cell phones. Addition-
ally, since the stroke survivor and primary caregiver res-
ide in communities, the primary caregiver often has
access to a mobile phone and it is possible to make the
intervention effective in a relatively older population.
Additionally, although the population has literacy chal-
lenges a text based reminder system works even in those
who have had minimal schooling due to the widespread
understanding of Roman Urdu (which we also used to
send our messages).
Although it is not known how SMS would affect ter-
minal outcomes like recurrent strokes, death or disabil-
ity, it is known that the effect size itself is modest. In
spite of these acknowledged limitations, in population
dense regions, in absolute numbers, millions of lives
could be reached and positively influenced regardless of
geopolitical strife, chaos, socioeconomic differences and
access inequities.
Conclusions
In conclusion, we feel that the SMS intervention seems
feasible for clinical use in stroke survivors for improving
adherence. Further studies are needed to report on
meaningful biologic outcomes like recurrent stroke,
death and disability. Cost effectiveness, scalability char-
acteristics beyond what we have reported, are also areas
in need of further research exploration, as larger scale
policy informing analysis.
Additional file
Additional file 1: Interim Analysis. (DOC 37 kb)
Abbreviations
SMS: Short text message; AKUH: Aga Khan university hospital; JCIA: Joint
commission international accreditation; CTU: Clinical trials unit; MMAS: Morisky
medication adherence scale; mHealth: Mobile health.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
AKK conceived the study design, developed the intervention, wrote the
manuscript, QS directly overlooked all aspects of study design, logistics,
analysis, and follow up and wrote the manuscript with AKK, IA, BA, MI
assisted statistical design, OP reviewed the study for overall quality and
design robustness, MA assisted data base design and follow up issues, SN,
AAM intellectually contributed to the design and flow of the study, HR
contributed to all aspects of writing related to this protocol; MJ, AA worked
on data flow issues and contributed intellectually to the design and writing
of this paper, SA was IT 24/7 for all SMS AM provided all technical support
and solutions and contributed to the technical aspect of the study SK
provided intellectual support and oversight for all aspects of design with
emphasis on scale up and user interoperability and replicability. All authors
have contributed intellectually to this manuscript.
Authors’ information
The authors are a group of Transdisciplinary investigators including IT,
neurovascular neurologists, biomedical engineers, epidemiologists and study
design experts working together in an LMIC setting to implement best
evidence for stroke in resource challenged settings.
Acknowledgements
We would like to acknowledge the tremendous support, cooperation,
respect, humor, hope, courage and grace of the families of stroke survivors
and caregivers in Pakistan, who continue to provide exemplary care, love,
affection to their loved ones and who inspire us every day. It would not
have been possible to do this study without their unstinting engagement.
Funding disclosures
Dr Ayeesha Kamran Kamal is the co-director and recipient of grant entitled,
“The International Cerebrovascular Translational Clinical Research Training
Program” (Fogarty International Center, National Institutes of Health).
Dr. Quratulain Shaikh is a neurovascular research fellow whose mentored
research practicum training is currently funded by Award Number
D43TW008660 from the Fogarty International Center and the National Institute
of Neurologic Disorders and Stroke. This work has been directly facilitated by
the above training and research grant.
Dr Ayeesha Kamran Kamal is also funded by Grand Challenges Canada- Bold
ideas with Big Impact, University Research Council Aga Khan University
(URC, AKU), Higher Education Commission (HEC), Gov. of Pakistan; She is
Kamal et al. BMC Neurology  (2015) 15:212 Page 9 of 11
also collaboratively funded from Baylor College of Medicine, BCM Center
for Globalization on work on medical prescription literacy.
The funders had no role in study design, data collection and analysis,
decision to publish, or preparation of the manuscript. The content is solely
the responsibility of the authors and does not necessarily represent the
official views of the Fogarty International Center, National Institute of
Neurologic Disorders and Stroke or the National Institute of Health.
Author details
1Stroke Services, Section of Neurology, Department of Medicine, The
International Cerebrovascular Translational Clinical Research Training Program
(Fogarty International Center, National Institutes of Health) and Aga Khan
University, Stadium Road, 74800 Karachi, Pakistan. 2Fogarty Cerebrovascular
Research Fellow, The International Cerebrovascular Translational Clinical
Research Training Program (Fogarty International Center, National Institutes
of Health) and Aga Khan University, Karachi, Pakistan. 3Epidemiology and
Biostatistics Program, Department of Community Health Sciences, Aga Khan
University, Karachi, Pakistan. 4Department of Community Health Sciences,
Biostatistics, Aga Khan University, Karachi, Pakistan. 5SMS4Stroke Study, The
International Cerebrovascular Translational Clinical Research Training Program
(Fogarty International Center, National Institutes of Health) and Aga Khan
University, Karachi, Pakistan. 6Stroke Service, Aga Khan University, Karachi,
Pakistan. 7eHealth Innovation, Global, eHealth Resource Center, Aga Khan
Development Network, Karachi, Pakistan. 8Epidemiology and Biostatistics,
Department of Medicine, Aga Khan University, Karachi, Pakistan. 9Tech4Life
Enterprises, and Technical Advisor-Evidence, Capacity & Policy mHealth
Alliance, United Nations Foundation, Washington, USA.
Received: 29 July 2015 Accepted: 8 October 2015
References
1. Lozano R, Naghavi M, Foreman K, Lim S, Shibuya K, Aboyans V, et al. Global
and regional mortality from 235 causes of death for 20 age groups in 1990
and 2010: a systematic analysis for the global burden of disease study 2010.
Lancet. 2012;380(9859):2095–128.
2. Murray CJ, Vos T, Lozano R, Naghavi M, Flaxman AD, Michaud C, et al.
Disability-adjusted life years (DALYs) for 291 diseases and injuries in 21
regions, 1990–2010: a systematic analysis for the global burden of disease
study 2010. Lancet. 2012;380(9859):2197–223.
3. Krishnamurthi RV, Feigin VL, Forouzanfar MH, Mensah GA, Connor M,
Bennett DA, et al. Global and regional burden of first-ever ischaemic and
haemorrhagic stroke during 1990–2010: findings from the global burden of
disease study 2010. Lancet Glob Health. 2013;1(5):e259–81.
4. Di Carlo A. Human and economic burden of stroke. Age Ageing.
2009;38(1):4–5.
5. Kamal A, Itrat A, Murtaza M, Khan M, Rasheed A, Ali A, et al. The burden of
stroke and transient ischemic attack in Pakistan: a community-based
prevalence study. BMC Neurol. 2009;9(1):58.
6. Wasay M, Khatri IA, Kaul S. Stroke in South Asian countries. Nat Rev Neurol.
2014;10(3):135–43.
7. Khan M, Ahmed B, Ahmed M, Najeeb M, Raza E, Khan F, et al. Functional,
cognitive and psychological outcomes, and recurrent vascular events in
Pakistani stroke survivors: a cross sectional study. BMC Res Notes. 2012;5:89.
8. DiMatteo MR, Giordani PJ, Lepper HS, Croghan TW. Patient adherence and
medical treatment outcomes: a meta-analysis. Med Care. 2002;40(9):794–811.
9. DiMatteo MR. Variations in patients’ adherence to medical recommendations:
a quantitative review of 50 years of research. Med Care. 2004;42(3):200–9.
10. Hashmi SK, Afridi MB, Abbas K, Sajwani RA, Saleheen D, Frossard PM, et al.
Factors associated with adherence to anti-hypertensive treatment in
Pakistan. PLoS One. 2007;2(3):e280.
11. Arif H, Aijaz B, Islam M, Aftab U, Kumar S, Shafqat S. Drug compliance after
stroke and myocardial infarction: a comparative study. Neurol India.
2007;55(2):130.
12. Haynes RB, Ackloo E, Sahota N, McDonald HP, Yao X. Interventions for
enhancing medication adherence. Cochrane Database Syst Rev.
2008;2:CD000011.
13. Chapman RH, Kowal SL, Cherry SB, Ferrufino CP, Roberts CS, Chen L. The
modeled lifetime cost-effectiveness of published adherence-improving
interventions for antihypertensive and lipid-lowering medications. Value
Health. 2010;13(6):685–94.
14. Julius RJ, Novitsky Jr MA, Dubin WR. Medication adherence: a review of
the literature and implications for clinical practice. J Psychiatr Pract.
2009;15(1):34–44.
15. Schroeder K, Fahey T, Ebrahim S. Interventions for improving adherence to
treatment in patients with high blood pressure in ambulatory settings.
Cochrane Database Syst Rev. 2004;2:CD004804.
16. Schroeder K, Fahey T, Ebrahim S. How can we improve adherence to blood
pressure-lowering medication in ambulatory care?: systematic review of
randomized controlled trials. Arch Intern Med. 2004;164(7):722.
17. Horton R. Pakistan: health is an opportunity to be seized. Lancet.
2013;381(9884):2137–8.
18. Nishtar S, Boerma T, Amjad S, Alam AY, Khalid F, ul Haq I, et al. Pakistan’s
health system: performance and prospects after the 18th Constitutional
Amendment. Lancet. 2013;381(9884):2193–206.
19. http://urdu.pta.gov.pk/index.php?option=com_content&task=view&id=
269&Itemid=658: Last accessed 2.10.2015.
20. Bandura A. Social foundations of thought and action. Englewood Cliffs:
Prentice Hall; 1986.
21. Bandura A. Social cognitive theory: an agentic perspective. Annu Rev
Psychol. 2001;52(1):1–26.
22. Bandura A. Self-efficacy: the exercise of control. New York: Freeman; 1997.
23. Kamal AK, Shaikh QN, Pasha O, Azam I, Islam M, Memon AA, et al.
Improving medication adherence in stroke patients through Short Text
Messages (SMS4Stroke)-study protocol for a randomized, controlled trial.
BMC Neurol. 2015;15(1):157.
24. Friedman LM, Furberg C, DeMets DL. Fundamentals of clinical trials, vol. 4.
New York: Springer; 2010.
25. Michie S et al. A refined taxonomy of behaviour change techniques to help
people change their physical activity and healthy eating behaviours: the
CALO-RE taxonomy. Psychol Health. 2011;26(11):1479–98.
26. Saleem F, Hassali MA, Akmal S, Morisky DE, Atif M, Al-Qazaz HK, et al.
Translation and validation study of Morisky Medication Adherence Scale
(MMAS): the Urdu version for facilitating person-centered healthcare in
Pakistan. Int J Person Centered Medi. 2012;2(3):384–90.
27. Rogers EM. A prospective and retrospective look at the diffusion model.
J Health Commun. 2004;9(S1):13–9.
28. Atkinson NL. Developing a questionnaire to measure perceived attributes of
eHealth innovations. Am J Health Behav. 2007;31(6):612–21.
29. Arora S, Peters AL, Agy C, Menchine M. A mobile health intervention for
inner city patients with poorly controlled diabetes: proof-of-concept of the
TExT-MED program. Diabetes Technol Ther. 2012;14(6):492–6.
30. Saleem F, Hassali MA, Shafie AA, Muhammad A, George A. Predictors of
medication adherence in a hypertensive population of Pakistan. Lat Am J
Pharm. 2011;30(9):1714–9.
31. Editors PM. A reality checkpoint for mobile health: three challenges to
overcome. PLoS Med. 2013;10(2):e1001395.
32. Tomlinson M, Rotheram-Borus MJ, Swartz L, Tsai AC. Scaling up mHealth:
where is the evidence? PLoS Med. 2013;10(2):e1001382.
33. Haug S, Meyer C, Dymalski A, Lippke S, John U. Efficacy of a text messaging
(SMS) based smoking cessation intervention for adolescents and young
adults: study protocol of a cluster randomised controlled trial. BMC Public
Health. 2012;12(1):51.
34. Kim H-S, Kim N-C, Ahn S-H. Impact of a nurse short message service
intervention for patients with diabetes. J Nurs Care Qual. 2006;21(3):266–71.
35. Strandbygaard U, Thomsen SF, Backer V. A daily SMS reminder increases
adherence to asthma treatment: a three-month follow-up study. Respir
Med. 2010;104(2):166–71.
36. Bauer S, de Niet J, Timman R, Kordy H. Enhancement of care through self-
monitoring and tailored feedback via text messaging and their use in the
treatment of childhood overweight. Patient Educ Couns. 2010;79(3):315–9.
37. Mbuagbaw L, Thabane L, Ongolo-Zogo P, Lester RT, Mills EJ, Smieja M, et al.
The Cameroon Mobile Phone SMS (CAMPS) trial: a randomized trial of
text messaging versus usual care for adherence to antiretroviral therapy.
PLoS One. 2012;7(12):e46909.
38. Prabhakaran L, Chee WY, Chua KC, Abisheganaden J, Wong WM. The
use of text messaging to improve asthma control: a pilot study using
the mobile phone short messaging service (SMS). J Telemed Telecare.
2010;16(5):286–90.
39. de Jongh T, Gurol-Urganci I, Vodopivec-Jamsek V, Car J, Atun R. Mobile
phone messaging telemedicine for facilitating self-management of long-
term illnesses. Cochrane Libr. 2008. 10.1002/14651858.
Kamal et al. BMC Neurology  (2015) 15:212 Page 10 of 11
40. Free C, Knight R, Robertson S, Whittaker R, Edwards P, Zhou W, et al.
Smoking cessation support delivered via mobile phone text messaging
(txt2stop): a single-blind, randomised trial. Lancet. 2011;378(9785):49–55.
41. Free C, Phillips G, Watson L, Galli L, Felix L, Edwards P, et al. The
effectiveness of mobile-health technologies to improve health care
service delivery processes: a systematic review and meta-analysis. PLoS Med.
2013;10(1):e1001363.
42. Rosenstock IM. The health belief model and preventive health behavior.
Health Educ Behav. 1974;2(4):354–86.
43. Rosenstock IM, Strecher VJ, Becker MH. Social learning theory and the
health belief model. Health Educ Behav. 1988;15(2):175–83.
44. Sharma M, Romas JA. Theoretical foundations of health education and
health promotion. Sudbury: Jones & Bartlett Publishers; 2008.
45. Anand SS, Yusuf S, Vuksan V, Devanesen S, Teo KK, Montague PA, et al.
Differences in risk factors, atherosclerosis, and cardiovascular disease
between ethnic groups in Canada: the Study of Health Assessment and
Risk in Ethnic groups (SHARE). Lancet. 2000;356(9226):279–84.
46. Hansen RA, Kim MM, Song L, Tu W, Wu J, Murray MD. Comparison of
methods to assess medication adherence and classify nonadherence.
Ann Pharmacother. 2009;43(3):413–22.
47. Grymonpre RE, Didur CD, Montgomery PR, Sitar DS. Pill count, self-report,
and pharmacy claims data to measure medication adherence in the elderly.
Ann Pharmacother. 1998;32(7–8):749–54.
48. Garber MC, Nau DP, Erickson SR, Aikens JE, Lawrence JB. The concordance
of self-report with other measures of medication adherence: a summary of
the literature. Med Care. 2004;42(7):649–52.
49. Jimmy B, Jose J. Patient medication adherence: measures in daily practice.
Oman Med J. 2011;26(3):155.
50. Krousel-Wood M, Islam T, Webber LS, Re R, Morisky DE, Muntner P. New
medication adherence scale versus pharmacy fill rates in hypertensive
seniors. Am J Manag Care. 2009;15(1):59.
51. Bangsberg DR, Hecht FM, Charlebois ED, Chesney M, Moss A. Comparing
objective measures of adherence to HIV antiretroviral therapy: electronic
medication monitors and unannounced pill counts. AIDS Behav.
2001;5(3):275–81.
52. Galloway GP, Coyle JR, Guillén JE, Flower K, Mendelson JE. A simple, novel
method for assessing medication adherence: capsule photographs taken
with cellular telephones. J Addict Med. 2011;5(3):170–4.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
Kamal et al. BMC Neurology  (2015) 15:212 Page 11 of 11
